Introduction
============

Childhood malnutrition is a serious global problem, causing the deaths of 3.5 million children under 5 years old each year, as well as over a third of the disease burden in this age group \[[@B1]\]. Over one fifth of all children worldwide are underweight \[[@B1]\]. Globally, childhood malnutrition declined somewhat during the 1990\'s; however, the prevalence of undernourished children in Africa actually increased during that time \[[@B2]\]. In South Africa, 7% of children under 5 die each year; and 12% of under-5 children are underweight; 5% of South African children less than 5 years old suffer from wasting (low weight for height), and over a quarter of under-5 children suffer from stunting (low height for age) \[[@B3]\].

The cascading effects of childhood malnutrition include diminished immune functioning; which leads to greater susceptibility to infection, especially gastrointestinal and respiratory infections; which leads in turn to increased child mortality. Even mild to moderate malnutrition significantly undermines a child\'s health and chances of survival. A moderately underweight child has a five times higher risk of dying of diarrhea and a four times higher risk of dying of respiratory infections and malaria compared to a child with normal weight \[[@B2]\]. Other consequences are decreased growth and development, including cognitive development \[[@B2],[@B2],[@B4]\]. Children who were malnourished at younger ages demonstrate lower IQ, poor school achievement, and exhibit behavior problems when they reach school age \[[@B4]\]. Long-term malnutrition results in shorter adult height, reduced economic productivity, lifelong impairments in neurocognitive and socioemotional development\[[@B5]-[@B7]\] and reduction in the long-term quality of adjusted life years \[[@B8]\].

Recovery from malnutrition can occur with improvements in dietary practices such as conforming more closely to infant feeding guidelines, exclusive breastfeeding in the first 6 months of life, introduction of appropriate solid foods at 6 months, frequent feedings and continuation of breastfeeding for up to 2 years. Other recovery steps include the addition of micronutrients such as Vitamin A, iron, zinc, and iodine, continuation with more nutritious foods after infancy, and preventing diarrhea and infections by avoiding contaminated food, and unhygienic, cold and wet surroundings. South African feeding practices differ significantly from what is recommended. For example, only 8% of babies younger than 6 months are exclusively breastfed, and fewer than half of babies 6-9 months old have a diet combining breastfeeding with complementary foods \[[@B9]\]. Critical components of the recovery pathway include taking advantage of available resources and improving mothers\' feeding and caring practices.

The Philani child health and nutrition program was developed in the townships surrounding Cape Town, South Africa, to provide this assistance to mothers of underweight and at-risk children. Philani incorporates elements used successfully in other child health and nutrition programs, including peer role models, peer educators and home visits during the important early years of a child\'s life. Role models, or \"positive deviants\" (mothers whose children are thriving despite living in the same resource-poor settings as their peers) are a key component of the Hearth model for malnutrition recovery that has been used in Haiti, Vietnam, and Bangladesh \[[@B10]-[@B13]\]. Peer nutrition educators have been used in a variety of settings such as the U.S. Expanded Food and Nutrition Education Program, which improves nutrition knowledge and practices among a half-million low-income participants each year \[[@B14]-[@B16]\]. Nurse and paraprofessional home visiting has also been used in the U.S. to provide social support, health education, and practical assistance to families with very young children \[[@B17]-[@B22]\]

The Philani program uses positive deviant \"mentor mothers\" to provide nutrition education and support to parents in an outreach program of home visitation. In addition to nutrition, the program also addresses related issues such as securing government assistance where appropriate (making it easier to afford more and better food), increasing mother-child bonds, improving hygiene and protection against cold and wetness, improving feeding practices, and reducing abuse and neglect. An immediate goal of the Philani program is to rehabilitate malnourished children to weights that are appropriate for their ages, as quickly as possible, to counteract the deleterious effects of remaining undernourished. The longer a child remains malnourished, the longer he or she remains at risk of infection, developmental deficits, and other adverse consequences. An earlier program evaluation demonstrated that malnourished children in the Philani program recovered more weight during a one-year period compared to children in the control group (le Roux IM, le Roux K, Comulada WS, Desmond KA, Rotheram-Borus MJ.: Home visits by neighborhood mentor mothers to improve children\'s nutrition in South Africa, in submission). The purpose of this paper is to evaluate how quickly the Philani program could bring a second cohort of malnourished children up to healthier weights, when compared to community controls.

Methods
=======

During the period of 2006-2007, 65 neighborhoods of about 800 households each were identified in three Xhosa townships surrounding Cape Town, South Africa. The neighborhoods contained both formal settlements (government housing with an address and onsite water and sewage), site-and-service plots (plots of land where residents can build a home, with some access to water and sanitation facilities), and informal settlements (shacks or temporary structures that rarely have water or access to sanitation on the premises and are not on a specified plot of land). A mentor mother (MM) was recruited for each neighborhood using a variety of sources such as referrals by local community leaders, or by open application. Nominees were interviewed by supervisors for the Philani program. MMs chosen for the program had children who were thriving; they demonstrated strong communication and interpersonal skills, commitment to community service and showed an organized and disciplined approach to tasks. Thriving children and organizational skills were confirmed by home observations of the MM\'s household, where Philani supervisors ascertained whether the home was organized, children were monitored, and healthy food was available. MMs who were selected received training in child health, nutrition and other related topics. After training, one MM was assigned to each neighborhood, typically based on residential proximity. MMs received a stipend of \$US 130/month from Philani to deliver home-based interventions and were expected to work four hours a day.

The flow of participants through the study is shown in Figure [1](#F1){ref-type="fig"}. MMs visited every home in their neighborhoods, identifying and weighing each child aged 5 or younger. The child\'s age and weight were plotted on a growth chart containing age-appropriate norms. Any child weighing less than 2 standard deviations below his or her weight-for-age norm (\<-2SD) was classified as malnourished; this included all newborns weighing less than 2500 grams at birth. Any household with at least one malnourished or low birth weight child was invited to participate in the study. If there were multiple malnourished children in a household, all were followed but only one was randomly selected to be included in the analysis. Over 12 months, the 65 MMs recruited 788 mothers and their babies or children aged 5 or under. The mother-child unit is referred to as a *dyad*. Assignment to the intervention condition was based on a sequence decided *a priori*for every three dyads. Because the likelihood of benefits from the intervention far exceeded any chance of harm, the allocation ratio of intervention to control was 2:1 \[[@B23],[@B24]\]. Two out of three dyads (in random order) were assigned to the Philani intervention condition (n = 536). The third dyad became a control case (n = 252). The MMs were given randomly sequenced numbered folders marked I for intervention and C for controls and supervisors made sure the folders were allocated in the correct order. After data collection was completed, dyads assigned to the control condition were given the option of joining the Philani nutrition intervention program.

![Flow of participants through the study.](1475-2891-9-56-1){#F1}

This study was approved by the UCLA Office of the Human Research Protection Program (\#G07-02-033) and the Stellenbosch University Health Research Ethics Committee (\#N08/08/218).

Intervention Description
------------------------

Mentor Mothers received four phases of training: 1) watching experienced MMs implement the intervention in an inspiring manner, learning how to approach a family and build trust; 2) attending a month of training that covered nutrition; basic child health including HIV and TB, weighing of babies and completion of growth charts; how to recognize signs of abuse and crisis situations; and how to encourage depressed mothers to be more active and engaged with their children; 3) learning how to help mothers bond with their children and improve the consistency of healthy daily routines; and 4) implementing their first round of home visits independently in their neighborhoods.

An essential part of the intervention is for the MM to create a respectful and caring relationship with the mother/parent. Throughout the Philani experience, we have found that changing behavior is not possible without such trusting relationships. The MM who is a positive deviant has developed coping mechanisms which have made it possible for her to raise healthy children and a key component of the intervention is for her to share those coping mechanisms with other mothers. These might include initiating and maintaining breastfeeding; introducing solids correctly; feeding frequently but also creating good sleeping habits; providing organization, discipline and structure in the home; protecting the child from sources of infection, accidents and trauma; and seeking care when needed. A successful intervention will see the child gaining weight rapidly until fully rehabilitated, with a significant decrease in episodes of infection. With a healthy growing child the incidence of maternal depression will decrease and the bonding between mother and child will improve.

A supervisor accompanied each MM at least one day a month on a random schedule to ensure that implementation proceeded as planned. The supervisor collaborated with the MM in problem-solving and generating action plans when problems occurred in the field. Each MM and supervisor built a list of clinics and hospitals for referrals and a strategy for providing services relating to mental health issues (particularly post-partum depression), partner abuse, and legal problems. The quality of the implementation was monitored by reviewing the forms completed at each home visit, monitoring visitation patterns, collecting observations by supervisors, and brief ratings of home visits by the supervisors.

A typical MM visit at each home lasted 20 to 60 minutes. During the visits, the MM weighed the participating child and discussed his progress with the mother. The MM also made sure the mother had the social grants she might be entitled to, and that the mother understood proper nutrition and hygiene. MMs stressed the importance of breastfeeding, the proper time to introduce solids, frequent feeding, and a mixed diet including vegetables and fruit. She checked to see if immunizations were up to date and that the child was dewormed. In each MM\'s caseload there was likely to be one emergency a week (e.g., a child would be ill with high fever, have difficulty breathing, or appear severely dehydrated). These cases were brought to the Philani Health Clinic or the local public health clinic to receive immediate attention. MMs did not distribute food supplements.

Measures
--------

The following data was collected by MMs at the time of recruitment, from dyads in both the intervention and control arms of the study:

○ [Children\'s background characteristics]{.ul}. Mothers reported on several characteristics of the child enrolled in the study: age, gender, birth weight, and whether or not the child was already enrolled in a nutrition program.

○ [Mothers\' background characteristics]{.ul}. Mothers also reported whether any of their children had died, whether they were employed, whether they were receiving any government grants, where they were born, and number of years living in the Cape Town area.

○ [Housing/living situation]{.ul}. Mothers reported housing conditions (classified as formal, site and service, or informal), number of adults living in the household, whether there was water onsite at the home, whether there was a flush toilet, and whether they had had to reduce or skip meals due to lack of money. MMs reported two subjective measures for the mothers\' living conditions: overall smell (pleasant, neutral, or poor) and hygiene (good, average, or poor).

Children in the control condition were weighed by MMs at baseline, and at 3, 6, 9, and 12-month follow-ups. Children in the intervention condition were also weighed by MMs at baseline, and at each intervention home visit. [Rehabilitation]{.ul} to an acceptable weight was indicated by achieving a weight-for-age Z-score (WAZ) \[[@B25]\] that was above the cutoff for study eligibility (\>-2SD), i.e., above the third percentile of weight-for-age norms. Time to rehabilitation was noted at the first assessment at which the child reached the target weight.

Statistical Methods
-------------------

We compared demographic and household characteristics of the dyads across intervention conditions at recruitment. We also compared dyads followed over time vs. those with no follow-ups. Chi-square tests and *t*tests were conducted for categorical and continuous measures, respectively. Where appropriate, Fisher\'s exact test was conducted on categorical measures with sparse cell counts and the Wilcoxon two-sample test was conducted on continuous measures with skewed distributions.

We compared the time to rehabilitation between the intervention and control conditions using discrete time survival analysis models \[[@B26]\]. Discrete-time versus continuous-time models were used to capture the discrete nature of the follow-up intervals. That is, when normal weight was achieved, we knew that it had occurred between the current and previous assessment, but we did not know the exact time. Therefore, a child rehabilitated any time between the baseline and 3-month assessments was considered to be rehabilitated at 3 months and a child rehabilitated after 3 months but before the 6-month assessment was considered to be rehabilitated at 6 months. Rehabilitation times were coded similarly at the 9 and 12 month assessments. Using this technique, the probability of rehabilitation at a given assessment is conditioned on the child surviving and not being rehabilitated prior to that period. A logistic framework is used, modeling the log odds of rehabilitation as a function of time period and other covariates in the model.

There were three possible outcomes for children during the study period: 1) rehabilitation (i.e., achieving an acceptable weight); 2) death, at which point they no longer contributed to person-period time (i.e., observations beyond death were censored); or 3) the child did not reach normal weight by the final follow-up and was censored at 12 months. Because of the possibility of intermittency in the follow-up weighings (i.e., missing an earlier weight but not missing later ones), there was no censoring for loss to follow-up. For time periods where there was missing data (i.e., a weight was not recorded), it was assumed that rehabilitation had not occurred. To account for dyads for whom no follow-ups were obtained, models were run two ways. In the first, it was assumed that rehabilitation did not occur, and the child was censored at 12 months. In the second, these dyads were removed from the analysis. Results were nearly identical under both approaches, and the results from the analyses that assumed no rehabilitation are presented here. Discrete-time survival models were implemented in SAS software version 9.1 (SAS Institute Inc., Cary, NC, USA) \[[@B26]\].

Models included covariates for randomized intervention condition assignment, classified as intervention or control; discrete time interval, classified as 3, 6, 9, or 12-months; intervention-by-time interval interactions to test the intervention effect; and background characteristics, including child age, gender, and living conditions.

Results
=======

Table [1](#T1){ref-type="table"} shows the demographic and background characteristics of mother-child dyads at recruitment. Half of the dyads lived in informal housing (52%) and had access to a flush toilet (55%). MMs reported living conditions of the dyads to have a pleasant or neutral smell (92%), but less than a third of homes were thought to have good hygiene (32%). A little less than a fifth of the children were supported by a nutrition program (19%) and half of the children were of low birth weight (53%). On average, children in the intervention condition were a few months younger (17.3 months at recruitment vs. 21.2; *t*= 3.29, *P*\< .01), and weighed a kilogram less (mean = 6.8 vs. 7.8; *t*= 4.22, *P*\< .01). WAZ was lower among intervention children (-3.4 vs. -3.1, t = 2.05, *P*\< .05). Among those dyads where birth weight was known, a greater percentage of children in the intervention condition had been of low birth weight (56% vs. 46%; *P*\< .05). None of the other demographic or background characteristics differed significantly across intervention conditions.

###### 

Baseline characteristics of children and mothers enrolled in Philani intervention and control groups

                                                  Control group (n = 252)   Philani intervention (n = 536)   Total (n = 788)                        
  ----------------------------------------------- ------------------------- -------------------------------- ----------------- ------ ------ ------ ------
  **Child characterisics**                                                                                                                          
  Mean age at admission (months), SD              21.2                      16.6                             17.3              15.3   18.5   15.9   \*\*
  Female gender                                   163                       64.7                             316               59.1   479    60.9   
  Low birth weight (N = 657)                      92                        46.2                             258               56.3   350    53.3   \*
  Mean weight at admission (kilograms), SD        7.8                       3.0                              6.8               3.1    7.1    3.1    \*\*
  Mean weight-for-age Z-score (WAZ), SD           -3.1                      1.9                              -3.4              1.0    -3.3   1.4    \*
  Supported by nutrition program                  38                        15.1                             109               20.4   147    18.7   
                                                                                                                                                    
  **Mother characteristics**                                                                                                                        
  Has deceased children                           6                         2.4                              21                3.9    27     3.4    
  Employed                                        22                        8.9                              56                10.5   78     10     
  Received any grants                             176                       70.4                             341               63.9   517    65.9   
  Born outside of Cape Town                       215                       86.4                             453               85.0   668    85.4   
   Mean number of years in Cape Town, SD          10.1                      7.5                              10.0              7.1    10.0   7.2    
                                                                                                                                                    
  **Housing/living situation**                                                                                                                      
  *Reported by mother*                                                                                                                              
  Housing description                                                                                                                               
   Formal                                         76                        30.3                             160               30.2   236    30.3   
   Site & service                                 47                        18.7                             92                17.4   139    17.8   
   Informal                                       128                       51.0                             277               52.4   405    51.9   
  Mean number of adults living in household, SD   4.6                       2.6                              4.6               2.7    4.6    2.7    
  Water on site                                   119                       47.4                             254               48.1   373    47.9   
  Flush toilet vs. bucket/nothing                 138                       55.9                             291               55.1   429    55.4   
  Cut size of meals due to lack of money                                                                                                            
   Child(ren)\'s meals                            70                        28.0                             133               25.1   203    26.0   
   Adult(s) meals                                 91                        36.6                             170               32.1   261    33.6   
                                                                                                                                                    
  *Reported by interviewer*                                                                                                                         
  No foul odor on property                        226                       91.5                             487               92.1   713    91.9   
  Good hygeine                                    79                        31.7                             167               31.5   246    31.5   

\* *P*\< .05, \*\* *P*\< .01

We compared characteristics from Table [1](#T1){ref-type="table"} between dyads we were unable to follow after recruitment (10%; 82 of 788) vs. dyads with at least one follow-up (90%; 706/788). Dyads without follow-up were more likely to have older children (25.2 vs. 17.8 months, *t*= 4.08, *P*\< .01), less likely to have the child supported by a nutrition program (10% vs. 20%, χ^2^= 4.80, *P*= .03), more likely to have a mother who was employed (18% vs. 9%, χ^2^= 6.11, *P*= .01), and less likely to have a flush toilet versus less modernized toilet facilities (44% vs. 57%, χ^2^= 4.36, *P*= .04). Dyads in the control condition were more likely to miss follow-ups compared to those in the intervention condition (20% vs. 6%; χ^2^= 35.38, *P \<*.01). None of the other demographic or background characteristics differed significantly by whether or not dyads had follow-ups.

Over 12 months, low-weight babies and children in the intervention condition were rehabilitated in a shorter period of time than those in the control condition. This is shown graphically in two ways. Figure [2](#F2){ref-type="fig"} shows the probability of rehabilitation for each time period. The odds of rehabilitation by 3 months were almost 5 times higher in the intervention compared to the control (OR = 4.74, 95% CI = 2.47-9.09). By 6 months, the odds of rehabilitation across intervention conditions were similar (OR = .90, 95% CI = .58-1.41) and remained that way at 9 months (OR = 1.31, 95% CI = .69-2.48) and 12 months (OR = 1.27, 95% CI = .56-2.86). Figure [3](#F3){ref-type="fig"} shows the cumulative probability of rehabilitation at each time period by intervention condition. The number of infants/children who remained underweight at the beginning of each time interval and the number rehabilitated during the time interval are shown in Table [2](#T2){ref-type="table"}. A higher percentage of children in the intervention condition were rehabilitated over the course of the study (43%; n = 233 of 536) compared to the control condition (31%; n = 78 of 252; χ^2^= 11.24, *P*\< .01).

![**Adjusted hazard function for achieving normative weight stratified by intervention condition.**The solid line represents children\'s probability of achieving normal weight over 12 months in the control condition. The dashed line represents children\'s probability of achieving normal weight in the Philani intervention condition over 12 months.](1475-2891-9-56-2){#F2}

![**Cumulative adjusted probability for achieving normative weight stratified by intervention condition.**The solid line represents the control condition probability over 12 months, while the dashed line represents the Philani intervention condition probability over 12 months.](1475-2891-9-56-3){#F3}

###### 

Number of children remaining underweight or being rehabilitated in each time interval

                          Number of non-censored\* children below normative weight at beginning of time interval                          
  ----------------------- ---------------------------------------------------------------------------------------- ----------- ---------- ----------
   Control                252 (13)                                                                                 237 (39)    195 (15)   180 (11)
   Philani intervention   536 (102)                                                                                426 (70)    351 (40)   308 (21)
   Total                  788 (115)                                                                                663 (109)   546 (55)   488 (32)

\* Censoring occurred at a child\'s death (n = 21; mortality did not differ by intervention condition).

Discussion
==========

Although children in the intervention condition were more underweight initially, we found that more intervention children were rehabilitated and sooner compared to children in the control condition. The Philani program significantly reduced the amount of time that malnourished children remained underweight compared to malnourished children in the standard care condition. In addition, the percentage of children who had not been rehabilitated within a year was significantly lower in the intervention condition (57%, 303/536) compared to controls (69%, 174/252). This is an important finding, as poor nutrition is one of the major determinants of long-term health and is consistently linked to poor cognitive and developmental outcomes over the lifespan \[[@B4]-[@B7]\].

A limitation of this study is that we were unable to obtain consistent measures of infant length or child height. For very young children, it is difficult to obtain accurate measurements even under good conditions \[[@B27],[@B28]\]. In these home visits, often in shacks, it was not possible. As a result, we are unable to determine whether the recovery of malnourished children due to the Philani intervention was in weight alone. Although the intervention should be successful in averting the considerable short term risks of malnutrition, the effect on long-term development is not known. Research on childhood malnutrition has shown that recovery programs involving diets that are heavy in energy and protein may not be the best approach for long-term growth: children in these programs gain weight, but it is often through adding fat, rather than height and lean muscle tissue; rapid weight gain in this manner can lead to health problems later in life \[[@B29]-[@B32]\]. Given the high prevalence of stunting among South African children under 5 years old (over 25%), nutrition that promotes healthy linear growth is of paramount importance\[[@B33]\].

Several characteristics of the Philani program give us reason to believe that catch-up attributable to this intervention will not lead to future obesity and related health problems. The children were not given high energy food supplements; instead, mothers were encouraged to breastfeed infants, were taught about healthy nutrition and lifestyle change, and were aided in identifying resources to help pay for more nutritious foods. These dietary changes are likely to promote healthy growth, not just add fat tissue. Children were intervened with at a young age (mean age at admission was 18 months); recovery in length appropriate to age is most likely if a child\'s nutrition can be improved before he is 2-3 years old \[[@B29]\] and risks of accelerated weight gain for undernourished babies is less likely if the child recovers by age 12-18 months \[[@B34]-[@B36]\]. Future research should include measures of height/length, to confirm that the Philani intervention is successful in combating both stunting and wasting in malnourished children. At the same time, it must not be forgotten that achievement of normal weight remains a priority in the townships of South Africa, where adequate nutrition remains scarce and the immediate health consequences of malnutrition take precedence.

A second limitation of the study relates to the procedures for assignment to intervention or control status. Although the randomization sequence in this study was determined *a priori*by the research team, the protocol was administered by MMs. The fact that children in the intervention arm of the study were significantly younger and more underweight indicates that the MMs may not have adhered to the assignments, but rather steered needier children into the immediate intervention. The direction of any bias caused by this deviation from random assignment is likely to be against the detection of an intervention effect: to the extent that children in the intervention had lower WAZ scores, they had further to go to achieve normative weights. Regardless, future research should use procedures that cannot be tampered with, such as neighborhood rather than individual assignment.

A final limitation is that 10% of children were not weighed during the follow-up period. The direction of bias that might be caused by this is not clear, as characteristics of those with and without follow-ups do not indicate clear-cut differences in vulnerability. Results shown are from models that assume that those without follow-ups were not rehabilitated; since more controls than intervention dyads were missing follow-ups, this may imply that estimates of the intervention effect are biased upward. However, models run both including and excluding dyads with no follow-ups produced the same results.

In conjunction with findings from the first Philani study (le Roux IM, le Roux K, Comulada WS, Desmond KA, Rotheram-Borus MJ.: Home visits by neighborhood mentor mothers to improve children\'s nutrition in South Africa, in submission), our data indicate that paraprofessional MMs can deliver effective home visiting programs, providing the knowledge and support necessary to change health outcomes among families at risk. The objectives of malnutrition recovery programs are to promote catch-up growth, prevent illness and death directly caused by nutritional deficits, improve overall health and the ability to withstand infection, and promote healthy physical and mental development \[[@B31]\]. The timely recovery achieved by very young children in the Philani program is very promising. The supervision and encouragement provided by MMs is of great importance in this challenging work. As has been demonstrated with the Hearth model \[[@B9]-[@B13]\], peer nutrition \[[@B14]-[@B18]\], and home visiting programs \[[@B19]-[@B21]\], community peers can provide a sustainable mechanism for addressing health needs in low resource settings.

Competing interests
===================

The authors declare that they have no competing interests.

Authors\' contributions
=======================

ILR, KLR and MJR supervised the study. The ILR and KLR supervised the intervention and the acquisition of data. WSC, EMG, and KAD designed and conducted the statistical analyses, and interpreted the results. All authors contributed to the writing of the paper. All authors read and approved the final manuscript.

Acknowledgements
================

This research was supported by funding from the World Childhood Foundation. We thank the Philani staff for their work with the families and assistance in collecting the data, and the families in Khayelitsha for their participation.
